
INTEGRATING CHEMISTRY 

Batteries 
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• 
: Can You Make Eledridty With Spare Change? 
• 

1. Clean a penny with vinegar. Wash 
your hands. 

2. Cut a 2-cm x 2-cm square from a paper 
towel and a similar square from aluminum 
foil. 

5. Set a voltmeter to read DC volts. Touch the 
red lead to the penny and the black lead to 
the foil. Observe the reading on the voltmeter. 

Think It Over 

3. Stir salt into a glass of warm water until the 
salt begins to sink to the bottom. Then soak 
the paper square in the salt water. 

Observing What happened to the voltmeter? 
What type of device did you const ruct? 

4. Put the penny on your desktop. Place the 
wet paper square on top of it. Then place 
the piece of aluminum foi l on top of the 
paper. 

Electric generators are excellent sources of electrical energy. 
But what do you do if you need electrical energy on the go? 
Researchers have put a tracking device on the moose in 

Figure 18. The moose will carry the device deep into the wilder
ness. Fortunately, the tracking device contains a battery. Batteries 
are useful in many devices, such as portable radios, flashlights, 
toys, and calculators, to name just a few. In this section, you'll 
find out how a battery produces electrical energy. 

L~.UIDE,IFOR READING 

• How can chemical reactions 
generate electricity? 

+ How does a battery differ 
from an electrochemical cell? 

Reading Tip As you read, 
write a phrase or sentence 
defining each boldfaced term, 
using your own words. 

Figure 18 A battery-powered 
transmitter will allow researchers 
to study the movements of this 
brown-eyed, handsome moose. 
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Figure 19 Alessandro Volta stacked 
metal plates and paper, making the 
first battery. Volta is shown 
demonstrating his battery 
to Napoleon in 1 801. 
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The First Battery 
A generator converts energy from one form into another, and so 
does a battery. Instead of mechanical energy, however, batteries 
start with chemical energy. Chemical energy is energy stored in 
chemical compounds. 

Luigi Galvani The research that led to the development of the 
battery came about by accident. In the late 1700s, an Italian 
physician named Luigi Galvani was studying the anatomy of a 
frog. He was using a brass hook to hold a leg muscle in place. As 
he touched the hook to an iron railing, he noticed that the leg 
twitched. Galvani hypothesized that there was some kind of 
"animal electricity" present only in living tissue. This hypothesis 
was later proven to be incorrect. 

Alessandro Volta An Italian scientist named Alessandro Volta 
argued that the electrical effect Galvani observed was actually a 
result of a chemical reaction. A chemical reaction is a process in 
which substances change into new substances with different 
properties. In this case, Volta believed that a chemical reaction 
occurred between the two different metals (the iron railing and 
the brass hook) and the salty fluids in the frog's leg muscle. 

To prove his hypothesis, Volta placed a piece of silver on top of 
a piece of zinc. He separated the two metals with a piece of paper 
that had been soaked in salt water. Volta found that if he connected 
wires to the metals, current flowed. When he added more layers of 
iron, paper, and zinc, more current flowed. If you did the Discover 
activity, you constructed a stack similar to Volta's. 



\ 
Volta had designed and built the first electric battery. In the 

year 1800, Volta made his discovery public. Although his battery 
was much weaker than those made today, it produced a current 
for a relatively long period of time. It was the basis of more pow
erful modern batteries. 

rg{ e~ What metals were used in Volta's experiments on 
electricity? 

Electrochemical Cells 

Terminal 
In Volta's setup, each pair of metal pieces separated by 
paper soaked in salt water acted as an electrochemical 
cell. An electrochemical cell is a device that converts 
chemical energy into electrical energy. An electrochem
ical cell consists of two different metals called elec
trodes. The electrodes are partially immersed in a 
substance called an electrolyte. An electrolyte is a sub
stance that conducts electric current. Volta used silver 
and zinc as electrodes and salt solution as his electrolyte. 

Copper ---~-oo• ----Zinc 

A Simple Cell Look at the electrochemical cell in 
Figure 20. In this particular cell, the electrolyte is dilute 
sulfuric acid. Dilute means that the sulfuric acid has 
been mixed with water. 

electrode 

sulfuric acid 

One of the electrodes in this cell is made of copper and the 
other is made of zinc. The part of an electrode above the surface 
of the electrolyte is called a terminal. The terminals are used to 
connect the cell to a circuit. 

Chemical reactions occur between the electrolyte and the 
electrodes in an electrochemical cell. These reactions cause 
one electrode to become negatively charged and the other 
electrode to become positively charged. In this case, the zinc 
electrode becomes negatively charged and the copper electrode 
becomes positively charged. Because the electrodes have oppo
site charges, there is a voltage between them. Recall that voltage 
causes charges to flow. If the terminals are connected by a wire, 
electrons will flow from one terminal to the other. In other 
words, the electrochemical cell produces an electric current in 
the wire. Charges flow back through the electrolyte to make a 
complete circuit. 

How do you know which metal will become the positive 
terminal and which will become the negative terminal? The 
answer depends on the metal strips used. Some metals, such as 
zinc and aluminum, are more likely to release electrons into the 
wire than other metals, such as copper and silver. 

electrode 

Figure 20 An e lectrochemical 
ce ll consists of two electrodes 
made of different metals, and 
an electrolyte. Predicting What 
would you expect the voltage to 
be if you connected two cells 
together as in a flashlight? 
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Figure 21 Electrochemical cells can be dry or wet. A. This diagram shows 
the parts of a typical dry cell. The electrolyte of a dry cell is a paste. B. A car 
battery is made up of several wet cells. A wet cell uses a liquid electrolyte. 

Combining Electrochemical Cells Several electrochemical 
cells can be stacked together to form a battery. A battery is a com
bination of two or more electrochemical cells in a series. Today, 
single cells are often referred to as batteries. So the "batteries" you 
use in your flashlight are technically cells rather than batteries. 

In a battery, two or more electrochemical cells are connected 
in series. The positive terminal of one cell is connected to the 
negative terminal of the next. The voltage of the battery is the 
sum of the voltages of the cells. You connect two cells in this way 
when you insert them into a flashlight. The total voltage of a bat
tery is found by adding the voltages of the individual cells. If you 
use two 1.5-volt cells in your flashlight, the total voltage is 3 volts. 

Wet Cells and Dry Cells There are two kinds of electro
chemical cells: dry cells and wet cells. An electrochemical cell in 
which the electrolyte is a liquid is wet cell. Volta's battery con
sisted of wet cells because the electrolyte was salt water. The six
volt automobile battery in Figure 21B consists of three wet cells. 
In this case, the electrolyte is sulfuric acid. Twelve-volt batteries, 
which are more common, consist of six wet cells. 

For many devices, it would not be convenient to have cells 
full of liquid that can spill or leak. Flashlights and many other 
devices use dry cells instead. A dry cell is an electrochemical cell 
in which the electrolyte is not really dry, but a paste. The dry cell 
in Figure 21A consists of a zinc can with a carbon rod down the 
center. The can is filled with a thick electrolyte paste. Metal caps 
are attached at each end for terminals and the cell is wrapped in 
a plastic coating. 



Dead and Rechargeable Batteries 
An electrochemical cell will continue to produce a current until 
the electrodes and electrolyte are used up. During the reaction in 
an electrochemical cell, the original substances, known as the 
reactants, are changed into different substances. The new sub
stances are known as products. A battery in which the reactants 
have run out is a dead battery. 

Can you turn the products back into reactants in order to 
keep a battery going? In some cells, you can. In these cells the 
useless products can be converted back into the valuable reac
tants. Such a cell is said to be rechargeable. A battery made of 
these cells is a rechargeable battery. Not every substance can be 
recharged. The electrodes must be carefully chosen so that the 
reverse reaction is possible. 

A reverse chemical reaction in which products change into 
reactants does not happen on its own. Electrical energy, how
ever, can cause the reaction. A rechargeable battery uses electric 
current to convert the products of its chemical reaction back 
into reactants. 

Have you ever seen someone turn on a laptop computer 
without plugging it in? The battery on a laptop computer is 
rechargeable. Once the battery has run down, the computer 
can be plugged into a wall socket. Electrical energy from the 
wall socket causes a reverse reaction in the battery. When this 
reverse reaction is complete, the battery is fully charged. 

In one type of rechargeable battery, the reactants are nickel 
and cadmium. Nickel-cadmium, or NiCad, batteries are pop
ular in cordless and cellular telephones, radios, compact disc 
players, and other devices that require extended use. 

Figure 22 Unlike other batteries 
that must be discarded after they 
become dead, rechargeable 
batteries can be used over and over. 

~~~~~~~~lit·················· · · ·· · f Can you revive a dead b . . ... •. 
1. Describe the components of an 

electrochemical cell and explain how they 
produce voltage. 

2. Explain how cells are arranged to make a 
battery. 

3. How does a wet cell diffe r from a d ry cell? 
4 . What is a rechargeable battery? 
5. Thinking Critically Applying Concepts 

What would you tell an engineer who has 
suggested a design for a new battery using 
silver fo r both electrodes? 
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! observe its bri htn e old D cells and 
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